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Land use modelling is increasingly used by archaeologists and palaeoecologists seeking to
quantify and compare the changing inﬂuence of humans on the environment. In Southeast
Asia, the intensiﬁcation of rice agriculture and the arrival of European colonizers have both
been seen as major catalysts for deforestation, soil erosion, and biodiversity change. Here
we consider the Tuwali-Ifugao people of the Cordillera Central (Luzon, Philippines), who
resisted Spanish colonial subjugation from the 16th to the mid-nineteenth century, in part
through the development of a world-renowned system of intensive wet-rice terrace
agriculture. To quantify changes in how the Tuwali-Ifugao used their environment, we
model land use in Old Kiyyangan Village, a long-inhabited settlement, at two timepoints:
circa 1570 CE, prior to the Spanish arrival in Luzon, and circa 1800 CE, before the village
was sacked by Spanish military expeditions. Our model demonstrates that between 1570
and 1800 the adoption of rice as a staple and the corresponding expansion in terrace
agriculture, along with a general diversiﬁcation of diet and land use, enabled the village’s
population to double without increasing total land use area. Further, this major
intensiﬁcation led to the solidiﬁcation of social hierarchies and occurred without a
proportional increase in deforestation.
Keywords: ifugao, circle diagrams, land use modelling, pericolonialism, Philippines, socio-ecology

INTRODUCTION
There is growing recognition that past human societies may have modiﬁed tropical landscapes, with
implications for vegetation cover and local and regional climates that have left legacies lasting into
the present (Willis et al., 2004; Roberts et al., 2018; Koch et al., 2019). In tropical Southeast Asia, an
area of immense endemic biodiversity, a key driver of past land use change was rice agriculture, and
the expansion of this crop—as well as other intensively grown grains around the world—has been
linked to major deforestation and signiﬁcant changes in methane emissions as early as the middle
Holocene (Fuller et al., 2011; Ma et al., 2020; Zheng et al., 2021). Additionally, in Southeast Asia more
speciﬁcally, the arrival of European colonial administrations, settlement patterns, and economic
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FIGURE 1 | Maps of Northern Luzon detailing (A) topography and the extent of Spanish colonization circa 1780 CE and (B) the outline of modern Ifugao province,
the three ecotypes of Northern Luzon, and water catchments. Old Kiyyangan Village (OKV) is identiﬁed in both maps. The extent of Spanish colonization in the 18th
century, shown in panel A, is reproduced from Conklin (1980, 98).

strategies from the 16th century CE may have had considerable
impacts on tropical forests in the form of deforestation, the
marginalization of Indigenous land use, and the introduction
of exotic plants and animals (Amano et al., 2020; Hamilton et al.,
2020).
These major transformations heavily impacted the Philippine
Archipelago, whose 7,100 islands are all characterized by
signiﬁcant ecological, ethno-linguistic, and cultural diversity.
The islands contain river valleys, littoral plains, and mountain
chains, with the lattermost creating highly variable microclimates
(Wernstedt and Spencer, 1967) as well as distinctive forests
replete with endemic species (Olson and Dinerstein, 2002;
Dinerstein et al., 2017). This varied geography, as well as
historic migrations, not only shaped pre-colonial socioecologies (Bankoff, 2013; Amano et al., 2020) but also helped
to create non-uniform experiences of colonialism during the
Spanish, American, and Japanese periods (Costa, 1967; Phelan,
1967; Newson, 2009). As a result, the Philippines today harbors a
wide variety of unique land use strategies iconic of the
archipelago’s Indigenous peoples. Perhaps the most wellknown are the rice terraces of the Ifugao peoples, whose
eponymous modern administrative province is located in the
southeast Cordillera (Figure 1).
These terraced highland landscapes, now recognized as a
UNESCO world heritage site (UNESCO, 1995), were initially
assumed by scholars to be two-thousand to three-thousand
years old (Barton, 1919; Barton, 1922; Beyer, 1955) and to
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represent a vivid example of the sweeping impact of past
intensive agriculture on tropical forest environments,
particularly in montane areas. However, post-1950s research in
ethnography (Keesing, 1962; Scott, 1966), linguistics (Reid, 1994),
oral tradition (Lambrecht, 1967; Conklin, 1980), and archaeology
(Maher, 1973; Conklin, 1980; Acabado S. B. 2012; Acabado S. 2012;
Acabado, 2017; Acabado, 2018) all suggest the terraces are relatively
young (see Supplementary Material). Rather than being millennia
old, they were likely constructed between the 16th and 18th
centuries after the Spanish ﬁrst conquered northern Luzon’s
lowlands in 1572–74 CE (Blair and Robertson, 1909). Acabado
(2017) has argued that the terraces allowed the Ifugao to function as
a “pericolonial society,” as a people inﬂuenced by Spain’s conquest
of the Luzon lowlands who nonetheless maintained their
independence, grew in number, and developed more rigid social
hierarchies outside of the colonial system. Furthermore, key to this
pericolonial society’s growth, ethnographic and palaeoecological
research suggests, was a highly integrated agroforestry system that
employed carefully managed woodlots (muyong), swidden ﬁelds
(uma), and wet-ﬁeld terraces (payo) that enabled long-term,
sustainable cultivation of rice, root crops, and usable tree
species. Woodlots were fully incorporated into the Ifugao
peoples’ agricultural system, guaranteeing forests were preserved
or possibly expanded alongside the intensively cultivated rice
terraces (Sajor, 1999; Hayama, 2003; Serrano and Cadaweng, 2005).
Modelling Ifugao land use in the Philippines’ pre-colonial and
colonial periods is an opportunity to apply multidisciplinary data
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to visualize how a burgeoning system of rice agriculture, and its
associated population growth, affected local forest cover and how
Indigenous socio-ecodynamics responded to a neighboring,
aggressive colonizer. Scholars’ capacity to quantify the land
use and demographic changes that occurred during this
period, however, has historically been limited by a lack of
written documents describing the region. The ﬁrst written
sources to mention the terraces were composed in the 19th
century, and the earliest academic studies on the region
transpired in the 20th. Comprehending past land use strategies
in Ifugao therefore requires an interdisciplinary approach that
draws upon history, ethnography, archaeology, anthropology,
linguistics, ecology, and geography (Wilson, 1998; Izdebski
et al., 2016; Rick and Sandweiss, 2020). Recently, an
interdisciplinary community effort has emerged (Kay and
Kaplan, 2015; Morrison et al., 2018; Kay et al., 2019; Morrison
et al., 2021) to synthesize and quantify the longstanding
interconnectivity of human and climate history ﬁrst
expounded by Ladurie (1971) and Lamb (1997; see also
Harrison et al., 2018; Gaillard et al., 2018; Widgren, 2018).
Here, we quantify historic land use change in the Ifugao region
using a simple spreadsheet-modeling approach, which we then
visualize through “circle diagrams” (described in Kay and Kaplan,
2015; Hughes et al., 2018). To create these models, we calculate
the land required for a settlement with a predetermined
population (based on the available archaeological and
historical data) to subsist for a single year, presuming no
atypical disruptions (i.e. severe natural hazards or invasions),
and classify different types of land use according to their intensity.
We quantify land use for a principal settlement of the TuwaliIfugao people, Old Kiyyangan Village (OKV), which was
inhabited from 900 CE until the mid-nineteenth century when
it was razed by a Spanish military expedition. We design our
models according to Acabado’s (2017) pericolonialism
hypothesis, which states that lowland migrants avoiding
Spanish dominion swelled the Cordillera’s population, leading
to the rapid expansion of rice terraces and the adoption of wetrice as one of Ifugao’s primary starches. This enables us to explore
the potential ramiﬁcations of rice intensiﬁcation and
demographic growth. We model OKV land use at two
timepoints. The ﬁrst timepoint, 1570 CE, depicts OKV prior
to the Spaniards’ subjugation of parts of Luzon’s lowlands. The
second timepoint, 1800 CE, describes OKV just before the ﬁrst
Spanish accounts of the village and its terraces (Scott, 1974). We
also present models demonstrating the typical land use of Ifugao’s
two predominant social tiers: the kadangyan (elite who frequently
consumed rice) and the nawotwot (the poor, whose name literally
translates to “root eaters”; Acabado, 2017).

the scope of this transformation, this section offers a brief history
of Ifugao province and OKV during the Spanish colonial period.
It then describes Ifugao society circa 1570 and 1800, focusing on
the emergence of Ifugao’s distinctive agroforestry complex, which
emerged as a response to both Ifugao’s geography and the Spanish
occupation of the surrounding lowlands. We refer to this as the
muyong-uma-payo complex (see Table 1).
Contemporary Ifugao province, which approximates the
Ifugao cultural region, is enclosed by the Magat River to its
south and the Cordillera Gran’s steepest mountains to its north
and west (Wernstedt and Spencer, 1967; Conklin, 1980; see
Figure 1). As a result, the province’s topography is deﬁned by
deep river valleys where rice cannot grow except in constructed
environments like terraces. Terraced rice is able to grow up to
1,600 m above sea level (m ASL), and, not coincidentally, the
average elevation of the province’s inhabited regions ranges from
1,000 to 1,500 m ASL (Conklin, 1980). The region above 1500 m
ASL comprises broadleaved montane forest interdigitated with
Benguet pine- (Pinus kesiya Royle ex Gordon) dominated
coniferous forests on steep slopes and ridges as well as in
frequently burnt zones (Kowal, 1966; Jain, 1992; Olson et al.,
2001; Rabena et al., 2015; Lamoreax, 2021). We refer to this
holistically as coniferous montane forest for brevity. Land use in
Ifugao settlements—the payo, but also the uma and muyong—take
full advantage of this complex geography and the transitional zone
(ecotone) from mid-to high-elevation (Figure 2).
Spanish colonizers became aware of the Ifugao region after
establishing control over lowland Luzon in a series of campaigns
between 1572 and 1574 CE. Cash-strapped colonial
administrators and Spain’s kings were attracted by rumors of
gold mines in the western and southern Cordillera, but Ifugao
lacked these precious metals (Blair and Robertson, vol. 20, 1909;
Morga, 1971; Scott, 1974). As a result, regular contact between the
Spanish and Ifugao peoples did not take place until the mideighteenth century with the establishment of Ituy and Paniqui
provinces (Antolin and Scott, 1970; see Figure 1). Works from
that period by friars Antolin in 1789 (see ibid) and Molano in
1801 (cited in Scott, 1974) offer some of the earliest written
descriptions of Ifugao. Molano’s account is of special interest
since he was the ﬁrst Westerner to visit OKV, the largest
settlement of the Tuwali-Ifugao, and to describe Ifugao’s
unique rice terraces (see Figure 2).
Although Molano may not have been aware, OKV held mythic
signiﬁcance to the Tuwali-Ifugao and was an unusually large
settlement with fertile land. Oral tradition indicates OKV was the
birthplace of rice terrace farming and its associated rituals (Maher,
1984). Writing of the village in the late 20th century, Maher said,
“What remains of it can be found there in the Barangay Bullaga
surrounded by pond ﬁelds on the ﬂood plain of the Ibulao River. The
surface is ﬂat, requiring no terracing, and water is abundant and
accessible” (p. 119). This corresponds with Antolin’s 1789
descriptions of “Kiangan (Kiyyangan)” and Tuwali-Ifugao lands
as fertile compared to other parts of the Cordillera (Antolin and
Scott, 1970, 237). However, the village’s size also made it a target. In
1832 CE, a Spanish expedition led by Commander Galvey sacked the
village and much of the region. By the 1860s, the village was
abandoned (Scott, 1974; Scott, 1982).

METHODOLOGY
Models in Ifugao: The History and
Socio-Ecology of the Region
The shift from taro (Colocasia esculenta) to rice (Oryza sativa)
cultivation and consumption between 1570 CE and 1800 CE was
a remarkable transformation in Ifugao’s socio-ecology. To convey
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TABLE 1 | Ifugao land use terminology as it applies to our land use modelling. The leftmost column names seven types of land use typical to Ifugao. The middle column
provides the Tuwali-Ifugao (Kiangan Region) terms for these forms of land use (Acabado and Martin, 2016). The rightmost column assigns each form of land use to an
Intensity Tier, reﬂecting how transformative of the landscape that activity is relative to others. These Intensity Tiers determine where each form of land use is depicted on a
circle diagram. This table is inspired by similar tables presented in Conklin’s Ethnographic Atlas of Ifugao (1980) and uses his terms, “Grassland” and “Caneland,” to describe
ﬁelds overtaken by primary and secondary growth.
Type of land use

Tuwali-ifugao terminology Acabado and Martin (2016)

Assigned intensity tier for circle diagrams

Latangan/boble/kubu
Payo
Habal/Uma
Mabilau
Magulun
Muyong
Inalahan

1 (Highest Intensity)
2
3
4
4
5
6 (Lowest Intensity)

Settlement Terrace
Rice Terrace
Swidden Field
Fallow Swidden Fields/Caneland
Pasture/Grassland
Private Forest
Public Forest

cultivation that radically transformed Ifugao between 1570 (preSpanish) and 1800 (pre-conquest), and it is therefore an
important site for understanding Ifugao agriculture.
Based on Molano’s written accounts (see Scott, 1974), the preconquest socio-ecology of OKV was deﬁned by the payo. The
payo, though, were only the most visible aspect of a highly
integrated agroforestry system, the muyong-uma-payo complex
(see Figure 2). The payo were also a basis for social differentiation
among the Ifugao (see Table 1). They were constructed in the
absence of a central administrative state, but gave rise to a “petty
plutocracy” (Scott, 1982, p. 135) where communal labor
maintained and expanded terraces owned by the kadangyan,
whose regular consumption of difﬁcult-to-grow rice was a
primary signiﬁer of their elite status. Complementing the payo
were the muyong, carefully managed woodlots that contained as
many as 200 plant species that were used for food, construction,
fuel, and medicine (Sajor, 1999). Located uphill of terraces,
muyong supported rice cultivation by hindering runoff and
erosion, simultaneously protecting the terraces and ensuring
regular access to water. Finally, kadangyan who did not own
many terraces as well as Ifugao who did not own terraces, the
nawotwot, consumed root crops such as iuktu (ubi, purple yams,
Dioscorea alata) or, more recently, gattuk (camote, sweet
potatoes, Ipomoea batatas) grown in uma (swidden ﬁelds).
Uma were typically located near muyong uphill of payo on
arable land unsuitable for rice cultivation (Conklin, 1980;
Sajor, 1999).
Less is known about the pre-Spanish socio-ecology of Ifugao.
Palaeobotanical evidence suggests rice was entirely absent, that
taro and root crops were OKV’s primary starches before 1570,
and that these crops were grown in less-extensive terraces and
swidden ﬁelds (Acabado S. B. 2012; Acabado S. 2012; Horrocks
et al., 2018). Studies employing radiocarbon dating indicate
terracing substantially increased in the 17th and early 18th
centuries, after the Spanish arrived in the Philippines (Maher,
1973; Conklin, 1980; Acabado et al., 2019). Based on research
performed by the IAP in OKV, Acabado theorizes that increased
terracing was attributable to population growth partially caused
by an inﬂux of migrants from the lowlands where rice cultivation
was practiced. This population increase catalyzed both the rapid
expansion of pre-existing terraces and the adoption of rice, a
more productive staple, amongst social elites (Bray, 1994;
Acabado S. B. 2012; Acabado S. 2012; Eusebio et al., 2015;

FIGURE 2 | A drawing of OKV and its associated land use, with labels.
The forms of land use are arranged as they exist in 20th and 21st century
Ifugao settlements.

OKV’s relative prominence in Spanish documents and its
mythological importance to the Ifugao make it an ideal site for
land use modelling. Multiple Spanish interactions with the village
mean it is relatively well-documented compared to other Ifugao
settlements. Furthermore, because of the village’s mythological
importance, it has been thoroughly investigated by the Ifugao
Archaeological Project (IAP, see1) and is one of the bestresearched sites in the province. It therefore is one of the few
sites in Ifugao province where historic land use modelling may be
attempted, although the village’s exceptional size and fertility
mean it is not necessarily a template for the whole province.
Nonetheless it is the supposed birthplace of the terrace-based rice

1

https://www.ifugao-archaeological-project.org/.
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Acabado, 2017). The shift to wet rice cultivation, Acabado asserts,
provided the basis for pronounced social differentiation amongst
the Ifugao, helped them resist multiple Spanish incursions and
ultimately helped create a pericolonial society (Acabado, 2017;
Acabado, 2018).

and properties of the physical environment that can be
adjusted based on uncertainties in diet, inputs, climate,
population size, etc. The model output consists of a table of
the area in hectares required for each type of land use.
In order to aid in the rapid interpretation of the model results
and facilitate comparison between outputs using varying
underlying assumptions or for different periods, we use the
circle diagram (Kay and Kaplan, 2015; Hughes et al., 2018). A
circle diagram presents the land use model output as a series of
colored concentric rings, where each ring represents a speciﬁc
land use at a certain hierarchical level (Table 1). Where two or
more land uses have the same relative intensity, both are shown as
distinct sectors in the ring at that level. The integrated area of each
ring/sector represents the area required for that particular land
use. We use a custom script for the Generic Mapping Tools
software (Wessel et al., 2019) to take the tabular output from the
land use model and plot the circle diagrams. The full plotting code
and model output used in this paper are published on Zenodo
(Kaplan, 2022).

The Historical Land Use Model
We use a historical land use model to quantify the amount and
type of land used by the residents of OKV. The model, ﬁrst
conceptualized by Gregg (1988) and elaborated in subsequent
studies (Kay and Kaplan, 2015; Weiberg et al., 2019), posits that
land use is a function of the properties of the physical
environment and the socio-cultural characteristics of the
people who use the land. The former includes topography,
climate, soils, and vegetation and can be reconstructed for the
past based on modern survey and paleoenvironmental proxies.
The latter consists of the most signiﬁcant components of a
population’s diet and their methods of agriculture,
agroforestry, animal husbandry, hunting and gathering, pottery
production, and metallurgy. Reconstructing the socio-cultural
characteristics of past societies draws upon published
archaeological, ethnographic, and anthropological research.
Hughes et al. (2018) describe the past land use modeling
process in detail, and term the socio-cultural characteristics
“livelihoods”. These livelihoods describe the human inputs to
food production that, along with the properties of the physical
environment, are used to determine the yield of the principle food
crops and animal products. With an initial estimate of the size of
the human population, the land use model is used to approximate
the amount of land required for a settlement to subsist for a
single year.
Here, our model quantiﬁes land use for an imagined year
where no signiﬁcant demographic change, famine, or abnormal
disruptions transpire. Since natural hazards are frequent in the
Philippines, our model assumes moderate damage from typhoons
and earthquakes, and therefore expanded land use associated with
repairs, was part of a typical year (Bankoff, 2009). However, since
statistics on all but the most exceptional historic typhoons and
earthquakes are rare, particularly in the Cordillera region, we are
forced to make generalized assumptions about the damage they
caused every year (see Bankoff, 2003). It is also essential to note
that our model attempts to quantify land use at speciﬁc points in
time, but does not make any assumption on how or when change
transpired. As a result, our models of OKV at two timepoints only
identify changes that happened in intervening years, not their
cause or tempo.
Following Kay and Kaplan (2015), we recognize that different
forms of land use lead to different transformations of the physical
environment. For example, a village or garden would represent an
obvious anthropogenic modiﬁcation of the natural landscape,
while a forest in which hunting and gathering takes place might
only be appreciated by someone intimately familiar with the local
environment. Thus, land use leads to a hierarchy of impacts on
the landscape. For Ifugao, we pre-deﬁne the types of land use
calculated by the model and their relative intensities (Table 1).
The land use model is coded in an Excel spreadsheet and
contains user-deﬁnable parameters describing both livelihood
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Model Calculations for OKV
Our models for OKV in 1800 rely on 20th century ethnographic
research supplemented by palaeoecological and archaeological
research in Ifugao, especially the on-site investigations at the
OKV by the IAP. We assume 20th century ethnographic research
is useable for the 1800 timepoint based on archaeological
evidence and Ifugao oral tradition, which indicate the terraces
and their associated social institutions are at least ten generations
old (Lambrecht, 1967; Maher, 1973; Conklin, 1980; Acabado,
2017). We acknowledge that relying on ethnographic evidence
assembled in the previous century is potentially problematic as
Ifugao society was and is dynamic. However, the lack of regular
historic documentation of Ifugao forces us to make these
assumptions. For the 1570 timepoint, for which no written
historical documents exist, we rely exclusively on
archaeological and palaeoecological evidence and assert that
OKV in 1570 CE grew taro as its primary subsistence crop to
support a smaller population. As a result, both our pre-Spanish
and pre-conquest models are built upon several informed
assumptions, which are a source of uncertainty in our models.
To explore how these uncertainties can produce signiﬁcant
variations in our model results, we also run a series of
simulations (or “sensitivity tests”) covering a range of input
values.
The remainder of this Methodology section is dedicated to
describing the information we use to assemble our model
calculations with a focus on our template or initial models.
These models represent what we believe to be the probable
land use of OKV at our two timepoints. This section is
organized according to the three broad categories of data used
in land use modelling: population, “livelihood,” and yields and
nutrition. Throughout, we summarize the data we gathered and
the assumptions we made. When necessary, more detailed
descriptions of our data are included in the Supplementary
Material. We also allude to points of uncertainty in our
templates and how we test the potential error introduced by
these uncertainties. These are discussed in detail in the
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Supplementary Material, where we demonstrate they do not
alter our primary conclusion: that intensiﬁcation, particularly
expanded terracing, and the initiation of widespread rice
cultivation allowed OKV to have lower per capita land use in
1800 than in 1570, even though the village’s population in 1800
was double what it was in 1570.

Payo (Terraces)
Despite the labor expended on rice cultivation and its cultural
signiﬁcance, rice only met approximately 25–33% of OKV’s
carbohydrate requirements circa 1800 CE (Barton, 1922;
Acabado et al., 2018). Because rice and a small quantity of
taro were grown in payo, we determine the area terraced for
rice cultivation by calculating how much rice the village’s
population would have required to produce a surplus, to be
used either in trade or as a precaution against hazards. We
then add on the amount of land required to grow the small
amount of taro consumed annually.
For the 1570 CE timepoint, since terrace agriculture was less
extensive than in 1800 and was primarily used for taro
cultivation, which can occur in either wet or dry ﬁelds, we
presume a much smaller amount of land was terraced. Given
the labor requirements of payo, the size of OKV in 1570, and the
premises of the pericolonialism hypothesis, we expect ~13.4 ha of
land were terraced for growing taro in OKV in 1570 (see
Supplementary Material section 3.3.1).
Before continuing, we should note that terraces were routinely
damaged and repaired. However, these repairs do not contribute
to land use in our model for three reasons. First, a high proportion
of terrace walls in the Tuwali-Ifugao are built of earth, not stone.
Second, the sandstone used in stone walls was often gathered
from cleared uma, muyong, or other sites uphill of the terraces,
which permitted villagers to move these heavy materials downhill
with water. If no stones were available uphill, the villagers of OKV
would have used stones and boulders from the nearby Ibulao
River instead. Third, Ifugao quarrying, when it did transpire, was
not especially transformative of the landscape; boulders were not
dug up, but instead were gathered, broken apart using other
rocks, and then hauled to the terraces. For these reasons, we do
not measure quarrying in our models and presume terrace repair
had a negligible effect on land use (Conklin, 1980).

Population and Boble (Settled Area) at OKV
There is no census or comparable document describing OKV in
1800 CE or 1570 CE, nor are there any surviving, precise
descriptions of OKV’s size at either of these times. Further,
because the Ifugao peoples’ settlement patterns are intricately
linked to their payo, one cannot determine per capita land use and
from that extrapolate the settlement’s size based on empirically
observed relationships between population and settlement size
(see Ortman et al., 2014). As a result of these complicating factors,
how we determine the settlement’s size is inextricably connected
to what we expect OKV’s population was. A full explanation of
how we derived the estimates for population and settlement size
that we provide below can be found in our Supplementary
Material.
For the 1800 timepoint, we estimated the population and size
of the settled area using a combination of Molano’s 1801 account
of OKV (Scott, 1974), Maher’s (1973) observations on how payo
can be repurposed as “settlement terraces,” Conklin’s (1980)
observations on the Ifugao hamlet of Buble, and Acabado
(2017) and the IAP’s research ﬁeldwork at OKV. We presume
OKV contained 284 houses (Scott, 1974), with the majority
occupying a 3.39 ha nucleated settlement and the others
dispersed throughout the payo (see section 3.3.2). Assuming
that bale (houses) held on average 3–4 individuals, we expect
OKV’s population in 1800 was at minimum 852 and at maximum
1,136. We use the maximum expected population in our
templates. Given population densities reported by Conklin
(1980) that were also supported by Barton (1922), and using
Molano’s description of OKV’s satellite villages as a guide (Scott,
1974), we calculate that OKV in 1800 would have required
~5.55 ha of “settled area” for 1,136 people.
For the 1570 timepoint, there are no contemporaneous written
accounts that indicate the full extent or population of OKV.
However, as per the pericolonialism theory and research led by
the IAP and Acabado, it is known that the nucleated settlement
was 1.70 ha, half the size it would be in 1800 (Acabado, 2017). It is
also known that taro, a less productive crop than rice or sweet
potatoes, was the primary staple that was grown in both swidden
ﬁeld and terraces (Acabado S. B. 2012; Acabado S. 2012). So,
because we expect Ifugao settlements were dispersed in 1570 as
well, we conclude that OKV’s settled area in 1570 was half of its
size in 1800: ~2.78 ha. Since we lack any information on OKV’s
population in 1570, we assume OKV’s population was also half its
future maximum size and contained 568 people. Again, because
we assume OKV’s settled area included various dispersed
hamlets, we do not use Ortman et al.’s (2014) observed
relationship between nucleated settlement size and population.
However, we must emphasize that this estimate for total
population is a rough estimate and cannot be proven or
disproven based on existing evidence from the OKV site.
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Uma (Swidden Fields)
In contemporary Ifugao, swidden ﬁelds are positioned on
fertile land unsuitable for terracing, are often close to
muyong, and are relatively distant from villages and
hamlets. Today, swidden farming is used to primarily grow
sweet potatoes, though taro can also be grown in wetter years.
Swidden ﬁelds are prepared during the dry season by ﬁrst
cutting cane or woodland and enacting a controlled burn;
wood or cane that does not burn fully can be saved for fuel
(Conklin, 1980). A swidden plot is cultivated for 2–3 years,
with each year experiencing successively smaller yields. It is
then left to lie fallow for 5–6 years, at which point primary
growth is cleared again or the ﬁeld is cultivated as a woodlot. In
years when rice harvests are expected to be poor, swidden
agriculture can be rapidly expanded into unclaimed forests or
ﬁelds (Conklin, 1980).
Ethnohistorical accounts by Antolin indicate gattuk (sweet
potato), aba (taro), and iuktu (purple yams) were grown in
swidden ﬁelds circa 1800 CE (Antolin and Scott, 1970), and
Barton indicates that, by the 20th century, sweet potato had
entirely replaced yams in Ifugao diets. Given this information, we
assume gattuk and iuktu were grown simultaneously in uma circa
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1800, with a small amount of aba also being grown. In our
template diagram, we presume iuktu and gattuk were equal
components of OKV’s diet.
For 1570 CE, swidden crops, particularly aba and iuktu, are
presumed to have been OKV’s primary source of energy based on
archaeobotanical and archaeological evidence (Acabado S. B.
2012; Moran, 2015). For both timepoints, we expect vegetables
such as squash, were also grown in swidden ﬁelds or along the
bunding atop terrace walls (Antolin and Scott, 1970; Conklin,
1980; Amano et al., 2020). In 1800, we assume the most common
squash was kalabasa (Cucurbita maxima). However, since
kalabasa was ﬁrst introduced to the Philippines from the
Americas during the Spanish period, it would not have been
present in OKV in 1570. Instead, similar vegetables such as
squashes indigenous to East and Southeast Asia would have
been grown. Our models assume these vegetables had similar
productivity to kalabasa.

settlements (Conklin, 2002). When chickens are ritualistically
sacriﬁced, they are consumed by the ritual leader (mumbaki), but
the meat is not distributed (Barretto-Tesoro, 2007).
For 1800 CE, zooarchaeological evidence from OKV indicates
four domesticated animals were common: dogs (Canis
familiaris), chickens (Gallus gallus), pigs (Sus scofra), and
water buffalo or carabao (Ledesma et al., 2015). Although no
remains were found, it is also possible goats were present in OKV,
presumably in small numbers (Amano et al., 2020). While our
template diagram does not account for goats, we do discuss what
effects they might have had in our Supplementary Material.
Of the animals conﬁrmed to be present in 1800 CE,
carabao—these are large grazing animals averaging over 400 kg
in size—would have had the most signiﬁcant effect per animal on
land use. It is unclear, though, whether very small carabao herds
were kept or if these animals were purchased from the lowlands
(Ledesma et al., 2015). For our template models, we assume a
small herd of ~22 animals was kept at OKV, and we detail other
possible herd sizes in our Supplementary Material.
Domestic pigs were the most common large animal, though
ethnographic evidence indicates they had a very small effect on
land use in OKV. This is because pigs, like chickens, were raised
within settlement terraces near homes. Further, pigs’ caloric
needs could have been met with plant and animal waste
generated from farming and hunting as well as from human
waste (Conklin, 1980; Gregg, 1988; Conklin, 2002; Huynh et al.,
2007). Nevertheless, for nutritional reasons, we assume 10% of
pigs’ caloric needs were met by browsing in forests. Browsing
occurred in muyong or public forests between the rice harvest and
the reseeding of the terraces (Conklin, 1980).
The same suite of domestic animals was present in 1570 CE,
except possibly carabao (Acabado, 2017). Based on existing
zooarchaeological evidence we expect that fewer domestic pigs
and no carabao were present (Ledesma et al., 2015; Acabado,
2017). Therefore, we calculate animal-associated land use in 1570
was signiﬁcantly less than it was in 1800.

Muyong (Private Forests)
Historically, edible plants grown in muyong included mangoes
and bananas, with the latter being the most prevalent (Antolin
and Scott, 1970). It is also possible, though not conﬁrmed, that
breadfruit was cultivated in woodlots (Acabado et al., 2018).
Tobacco, a plant originally imported from the Americas, may also
have been cultivated in personal gardens, muyong, or uma in 1800
CE, though we do not discuss its cultivation in our models.
In 1800, kadangyan and nawotwot alike obtained their fuel
and resources from kadangyans’ muyong. Typically, nawotwot
were permitted to gather dead branches and even chop down
dead trees in exchange for laboring to maintain kadangyans’
muyong (Conklin, 1980; Hayama, 2003; Serrano and Cadaweng,
2005). These muyong would have contained hardwoods for bale
(house) construction (Scott, 1966), which we ﬁnd did not
signiﬁcantly contribute to land use (see Supplementary
Material).
We have little information on forestry practices in 1570, prior
to increased terrace building. As terraces were still present, we
assume managed forests were also maintained uphill of those
terraces and their size was primarily determined by the village’s
food and fuel requirements (see Kay and Kaplan, 2015).

Hunting, Foraging, and Fishing
Zooarchaeological evidence indicates that, in both 1570 and
1800 CE, a substantial portion of OKV’s dietary needs were
met through hunting and gathering. According to Antolin,
Ifugao and other highland peoples hunted in the foothills of
the Cordillera, particularly in wooded regions where larger
mammals proliferated (Antolin and Scott, 1970).
Zooarchaeological reconstructions of faunal assemblages
(Number of Identiﬁed Specimens-NISP, Minimum Number
of Individuals-MNI) undertaken by Ledesma et al. (2015)
indicate wild deer (Rusa marianna) were the most
consumed animal in Ifugao, followed by wild pigs (Sus
philippensis). Various bones attributed to different small
game were also preserved at OKV. Lastly, a small
percentage of bones at OKV were attributed to mudﬁsh
(Channa striata), a freshwater ﬁsh common in the Ibulao
River (Ledesma et al., 2015). In modern times, this ﬁsh and
various shellﬁsh from the river are often introduced and
maintained in terraces, where they promote soil fertility and
are an easily obtained source of protein (Conklin, 1980).

Domesticated Animals
In contemporary Ifugao, domesticated animals including carabao
(water-buffalo, Bubalus bubalis), pigs, and chickens are sacriﬁced
at various stages of rice cultivation. Notably, only domesticated
animals are considered suitable for sacriﬁce (Lapeña and
Acabado, 2017). Chickens are most frequently sacriﬁced,
followed by pigs, and then carabao, which are only sacriﬁced
during the harvest period (Conklin, 1980; Conklin, 2002). Among
these animals, pigs and especially carabao are prestige animals.
They are owned by kadangyan, and they are sacriﬁced and
distributed during communal feasts (Conklin, 1980; Brosius,
1988; Lapeña and Acabado, 2017). However, carabao are only
shared among other kadangyan, while pig parts are more widely
distributed with various parts considered more prestigious gifts
than others. By contrast, chickens and their eggs are an easily
accessible source of protein and are commonly raised throughout
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Given the known biases of NISP and MNI counts against small
animal bones and ﬁsh bones as well as the relative dearth of
studies undertaken at OKV, we suspect small game and mudﬁsh
and other freshwater life comprised a larger fraction of historic
diets than suggested by Ledesma et al. (2015; see also Barton,
1922; Conklin, 1980). Additionally, for both 1800 and 1570 CE,
we assume residents of OKV consumed wild game more
frequently than domesticated animals, and large animals like
wild deer and pigs were shared among families and villages once
slaughtered.

and weapons (Antolin and Scott, 1970). As a result, we conclude
gathering ore in Ifugao required no signiﬁcant land use. Friar
Antolin also observed highlanders from neighboring regions
(Benguet) using hollowed tree stumps as furnaces to melt and
reshape the metal, suggesting fuel-use for these furnaces would
have been signiﬁcant (Antolin and Scott, 1970). To calculate
annual fuel-use associated with iron for both timepoints, we
employ the procedure designed by Kay and Kaplan (2015): we
assume each individual person, regardless of age, required 1.5 kg
of iron per year on average, which necessitated 492 kg of fuel per
year per capita.

Fuel and Resource Extraction
Ethnographic evidence suggests the primary fuel source for the
Cordillera and parts of Ifugao was Benguet Pine, which could be
gathered in muyong or while clearing swidden ﬁelds (Antolin and
Scott, 1970; Scott, 1975; Conklin, 1980; Manuta, 1993; Jang and
Salcedo, 2013). However, Benguet Pines grow best at elevations
between 1,000 and 2,500 m ASL and likely would have been
interspersed with tropical montane oaks and other broadleaved
trees in OKV’s muyong (Dinerstein et al., 2017; Lamoreax, 2021).
Since most societies do not limit themselves to one type of tree,
but instead gather wood from various species as long as they lack
religious or cultural signiﬁcance, we assume Ifugao peoples in
both 1570 and 1800 CE relied on several tree species for fuel
(Picornell-Gelabert, 2020). The species they selected would likely
have included Benguet Pines, molave oaks, and species that
released as little smoke as possible. Given these criteria and
the species available near OKV, our model postulates that
local fuel-woods had an average energy content of
approximately 20 MJ/kg (Bhatt and Tomar, 2002; Kay and
Kaplan, 2015).
For both 1570 and 1800 CE, we calculate that OKV’s annual
fuel consumption was approximately 476 kg per capita
(Donovan, 1981; de S. Wijesinghe, 1984; Kay and Kaplan,
2015). Because individuals who did not own a muyong were
often permitted to gather fallen trees for ﬁrewood by
kadangyan in exchange for their labor (Manuta, 1993;
Hayama, 2003), we expect kadangyan and nawotwot alike
gathered fuel exclusively from muyong in 1800. In 1570, we
likewise presume ﬁrewood was gathered from managed
woodlots.
Pottery and metallurgy can signiﬁcantly increase the
demand for fuel and other resources. Pottery production in
Ifugao, according to Acabado et al. (2018), did not experience
substantial change and remained decentralized (occurring in
each household as per a family’s need) between 1570 and 1800.
We therefore assume pottery requirements for each person in
1570 were near identical to those in 1800 (Lauer and Acabado,
2015). Critically, Ifugao traditional pottery is ﬁred by ﬁlling the
earthenware pot with twigs and grasses that are then
combusted with the container doubling as a heat trap
(Maher, 1984). Therefore, we conclude neither the gathering
of clays nor fuel for ﬁring had a signiﬁcant effect on land use.
Ifugao, unlike all other regions of the southern Cordillera, did
not practice extensive mining in 1570 or in 1800. However,
Antolin noted that the Ifugao frequently purchased iron waste
from lowlanders, which they would then melt to create new tools
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Commerce
Antolin reported that the Ifugao would primarily trade rice with
lowlanders in exchange for worked iron pieces and various
animals, including domesticated pigs and carabao (Antolin
and Scott, 1970). Furthermore, recent research undertaken by
the IAP indicates prestige goods, such as Chinese ceramics, were
desired by kadangyan (Yakal, 2017). Since we do not know the
extent of this commerce, we cannot precisely calculate its effect on
land use. However, we presume commerce was primarily
undertaken by (or for the sake of) kadangyan and that a
surplus of rice was produced most years—set to 30% in our
models, an amount that would permit poorer harvests to not
affect kadangyan diets—of which a portion was used for trade.
The land dedicated to surplus rice production would therefore
also be the most signiﬁcant form of land use associated with
commerce.
It must be noted that our model does not describe tobacco
production in OKV. The Galvey expedition of 1832 CE was, in
part, triggered by the sale of Ifugao tobacco in the lowland
Philippines (Scott, 1974). At the time, the Spanish were
attempting to enforce a tobacco monopoly, established in the
late-eighteenth century, to increase the Philippine colony’s
proﬁtability (de Jesus, 1998) and begrudged the Ifugao for
undermining that monopoly. Unfortunately, estimating the
amount of tobacco grown in OKV and sold in the lowlands as
contraband circa 1800 CE is exceedingly difﬁcult. Based on
anecdotal evidence and the severity of the colonial
administration’s 19th century expeditions to Ifugao, we can
assume the amount of tobacco grown was not insubstantial
(Scott, 1974). However, we lack sufﬁcient data to make an
informed estimate at this time.
Agricultural Productivity and Nutritional Value
Extensive records of historic crop productivity do not exist for
Ifugao prior to the 20th century, so we instead rely on agricultural
research performed in the province and the Philippines in the
past 6 decades, which often discusses traditional yields in
comparison to high productivity crops (see Tulin, 2014).
Using such material, we assemble a range of viable historic
yields for each crop, and then employ the average yield in our
models. If a reliable historic range cannot be established for a
speciﬁc crop, we instead establish a range of modern yields for
that crop and assume the minimum corresponds to the historic
average production (see Supplementary Material). Furthermore,
we assume yields for all crops did not change between 1570 and
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1800 CE. In this way, we establish probable historic productivities
based on the limited evidence available, and we utilize these
productivities in our template models. We discuss yield as a
source of uncertainty in our Supplementary Material.
Similar to historic yields, there is no accurate account of foods’
historic nutritional value in Ifugao. We instead rely on analysis
performed by the CINE group at McGill University (Centre for
Indigenous People’s Nutrition and Environment) on the diets of
the Aetas of Morong, Bataan in Luzon (Santos-Acuin et al., 1997;
Kuhnlein et al., 2006), supplemented by publicly available
nutritional values published by the United States Department
of Agriculture (USDA). Unlike productivity, it can be safely
assumed that the caloric content of species found in Bataan
and Ifugao do not signiﬁcantly differ. We expect no signiﬁcant
change in foods’ nutritional and caloric content between 1570
and 1800.

Dietary Proportions
Our model does not currently explicitly enforce a balanced diet,
only a minimum total caloric intake. Therefore, to ensure realistic
dietary proportions, we assume Ifugao peoples in both 1570 and
1800 CE consumed starches, proteins, and vitamins in similar
ratios to those observed by Barton (1922) and Conklin (1980). Of
the two, we prioritize Barton, whose quantitative descriptions of
Kiangan, Ifugao diets are among the earliest available. However,
there is no guarantee diets did not change between 1800 and the
20th century, and the peri-colonialism hypothesis asserts diets
changed profoundly between 1570 and 1800 (Moran, 2015).
Therefore, the dietary proportions we use in our template
models are informed estimates, reﬂecting what we believe is a
probable scenario for past diets (the inherent uncertainty of this
approach is discussed in the Supplementary Material).
In our template models for both timepoints, we suggest
starches constituted approximately 76% of annual diets with
all other foods comprising the remaining 24%. This remaining
percentage, we posit, was primarily comprised of vegetables and
fruits, ﬁsh, and hunted game (especially small game). We expect
domesticated animals did not account for more than 4% of
annual diets. Variations in the consumption of various plants
and animals between 1570 and 1800 transpire within these
constraints, which reﬂect Conklin and Barton’s observations.

RESULTS
Our results are presented in three sections. The ﬁrst presents our
template diagram for 1800 CE. This diagram presents what we
maintain is a probable pattern of land use, given existing
evidence. The second section offers a similar template diagram
for 1570 CE. The ﬁnal section presents the imagined land use of a
hypothetical kadangyan family that only consumed rice as a
starch and a hypothetical nawotwot family that only consumed
tubers as starches. In all three sections, we present our results
using circle diagrams, a series of concentric circles representing
different types of land use differentiated by intensity. The
settlement is plotted as the centermost circle. Surrounding the
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FIGURE 3 | Template circle diagrams for OKV in 1800 (Panel A) and in
1570 (Panel B). The ﬁgure also includes a legend (Panel C) with a scale. The
legend lists all types of land use and their intensity relative to one another. In
each panel, the number in the upper right corner represents the
population whose land use is being modelled.
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settlement are ﬁve rings. They contain, in order of descending
intensity: terraces; active swidden ﬁelds; fallow swidden ﬁelds and
pastureland; agroforestry and woodlots; forested land for pigs to
browse and hunting space.

ritual sacriﬁce suggests these herds would have been too small
to meet OKV’s ceremonial obligations, and therefore commerce
with the lowlands to obtain additional pigs and carabao was
essential, which agrees with all ethnohistorical evidence (Scott,
1966; Scott, 1974; Scott, 1982).

1800
1570

Our template diagram for OKV in 1800 CE is presented in
Figure 3. We assume the village contained 284 houses and
1,136 individuals, the maximum population we allowed for in
Population and Boble (Settled Area) at OKV. As per our
Methodology (Section 3.3), we expect that iuktu (purple yam)
and gattuk (sweet potato) comprised equal portions of diets at
OKV; that a small herd of carabao (~22 animals) were present in
the village; and that goats were absent from the village. Lastly, for
the sake of clarity, all land use numbers presented here, excepting
the Settlement, are approximations. For more precise numbers,
see the datasheets included in the Supplementary Material.
We calculate that a village of this size, operating within the
constraints listed above, would require ~2,113 ha of land to
subsist for a single year, with the majority of this land being
hunting land. Hunting would require 1,390 ha, while all other
forms of land use would require ~723 ha of land. Assuming that
the historic yield of rice was 1650 kg ha−1; that historic taro’s yield
was 2000 kg ha−1; and that the village produced 30% more rice
than required for subsistence, the village would have required
~112 ha for payo (terraces). Of this terraced land, ~15 ha would
have been required to grow taro, despite it only comprising 2.2%
of annual diets in our template model (compared to rice, which
represented 32% of annual diets).
Furthermore, we expect houses and hamlets were scattered
among these terraces (see section 3.3.1), so the 5.55 ha of land
comprising the settlement circle was not consolidated around a
single nucleus. This lowered population density and maximized
individual access to the terrace paths and bunding, so the whole
village’s kalabasa (squash) and other garden vegetables could
have been grown in personal gardens or along terrace bunding
and pathways (Conklin, 1980). In this way, kalabasa or garden
vegetables were fully integrated into other forms of land use.
In addition to the payo, our model asserts that OKV required
~120 ha of active uma (swidden ﬁelds) to grow iuktu and gattuk
each year, as well as ~240 ha of fallow land. Additionally, as
discussed in section 3.1, supporting the payo and uma were the
muyong, the indispensable managed forests. We calculate that
OKV would have required ~6 ha of muyong for fruits and another
~85 ha for fuel and other essential resources. Therefore, the
village as a whole would have required ~91 ha of muyong in
total to support 1,136 individuals circa 1800.
Based on the community of 1,136 individuals’ caloric needs as
well as the physical requirements and breeding habits of pigs and
carabao, we expect OKV would have contained ~391 pigs and
~22 carabao. The carabao, as grazing animals, would have
required ~93 ha of pastureland (Conklin, 1980). We expect
pigs, as foraging omnivores, were primarily fed agricultural
waste—failed tubers and the green material from various
crops—and human waste products (Gregg, 1988; Conklin,
2002). The 10% of their diet derived from forest browse would
have required ~61 ha annually. Conklin’s (1980) research on
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By using Acabado’s pericolonialism theory to argue that widespread terracing transpired only after the Spanish arrived in
Luzon, we can create a feasible model for OKV in 1570 CE.
This model describes a conﬁguration of pre-Spanish land use in
Ifugao that can be tested in future research. Our template diagram
for OKV in 1570 is presented in Figure 3. This diagram assumes
the population was 568, and the settlement circle was ~2.7 ha, half
the size of the settlement in 1800, and no rice was grown in the
village as per the pericolonialism hypothesis (see also Horrocks
et al., 2018). Instead, terraces were used to grow a portion of
OKV’s taro. We assume taro constituted 32% of annual diets,
while yams comprised 44.3% of annual diets (sweet potatoes not
having been introduced yet constituted 0% of diets). We expect
12% of taro was grown in terraces while the remaining taro and all
yams were grown in swidden ﬁelds. This would require ~177 ha
of active ﬁelds, ~354 ha of fallow ﬁelds, and ~13.3 ha of terraces
(meaning the agricultural and residential terraces together
amounted to ~16 ha of land). Additionally, our model
calculations predict half as much highly managed forest would
have been needed for a population of 568, so OKV in 1570 would
have required ~46 ha of muyong (3.02 ha for fruits, 42.60 ha for
fuel). And lastly, our model expects ~30 ha of unmanaged forests
were used for pigs to browse.
Zooarchaeological evidence is inconclusive on whether OKV
in 1570 possessed or consumed carabao. For this model, as per
Acabado’s hypothesis (2017), we assume carabao were not
consumed or raised in OKV in 1570. We do expect OKV
raised and consumed domesticated chickens and pigs as well
as hunted game in similar proportions to OKV in 1800. However,
because the Ifugao region’s population density would have been
lower (half what it was in 1800, based on our models’ existing
assumptions), the amount of land available for hunting would
have been greater in 1570 than in 1800.
In total, our model concludes OKV circa 1570 would have
required ~2,013 ha of land. Of this land, 623 ha of land would
have been dedicated to all activities except hunting. This is in
contrast to OKV in 1800, which required ~2,113 ha of land, of
which only ~723 ha were dedicated to all activities aside from
hunting. Therefore, our models suggest increased terracing and
the switch from taro to rice, as well as the introduction of sweet
potato, permitted OKV’s population to double without greatly
increasing the amount of land devoted to starch production.
Further, even the addition of grazing animals like carabao by 1800
does not change or challenge this conclusion. This minimization
of high intensity agricultural activity undoubtedly helped OKV
preserve wild deer and pigs’ habitats and therefore continue to
practice widespread hunting. This, and the highly sustainable
muyong-uma-payo system of integrated agriculture all indicate
historic Ifugao society was premised on a stable pattern of land
use that, when bolstered by commerce with the lowlands,
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permitted large populations to survive and maintain
independence in the Cordillera.
The points of uncertainty in our model, discussed in the
methodology, do not challenge this conclusion. In the
Supplementary Material, we model scenarios for the 1800 CE
timepoint with the potential to change our conclusion. We do not
model for 1570 because less palaeoecological data is available for
this timepoint, and our model for it is primarily based upon the
pericolonialism hypothesis. Our scenarios for the 1800 timepoint
include: varying the population of OKV; varying the daily caloric
intake of individuals at OKV; varying the amount of gattuk and
iuktu grown at OKV; removing the carabao herd at OKV; adding
a goat herd to OKV; modelling a failed rice harvest at OKV
caused by a strong typhoon or similar natural hazard; and
modelling how hunting ranges could be affected by Ifugao’s
historic population density. These scenarios conﬁrm the
amount of land used for all activities except hunting varied
from 543 ha at minimum to ~998 ha at maximum. All
conﬁrm intensive land use would not have increased
proportionally with population, suggesting Ifugao land use in
1800 was markedly more consolidated than in 1570; was
remarkably efﬁcient; and did not rely on extensive
deforestation but instead maintained muyong as well as public
forests and hunting grounds.

Exploring Social Difference: Kadangyan and
Nawotwot Land Use in 1800
The land used to feed a family of kadangyan was distinct from the
land used to feed a family of nawotwot, and the land use model
calculations can reﬂect this (Hughes et al., 2018). In Figure 4, we
present two circle diagrams depicting the land use associated with
two families of four individuals. Panel A depicts kadangyan land
use and panel B depicts nawotwot land use. For this diagram, we
gave each family an idealized diet, representing the wealthiest
kadangyan family possible and the poorest nawotwot family
possible. The kadangyan in this diagram are imagined to have
consumed only rice and taro as starches, while the nawotwot
consumed only yams and sweet potatoes as starches. Both
imagined families, however, are presumed to consume the
same proportion of starches annually (~76.2% of their total
diet). Additionally, the kadangyan in our scenario consumed
carabao and a larger proportion of domesticated pigs than the
nawotwot, who would have owned and sacriﬁced fewer pigs and
no carabao (see section 3.3.5).
Our models indicate that a kadangyan family of four, given
these parameters, would require 6.62 ha of land to subsist for a
year. That land would be divided as follows: 0.02 ha for living
space, 0.84 ha for terraces, 0.33 ha for pastureland, 0.32 ha for
muyong, 0.21 ha of forest for pigs to browse, and 4.89 ha for
hunting. By contrast, the nawotwot family would require the
same amount of land for hunting, muyong, and living space, but
no land for terraces or pasture for carabao. Instead, they would
require 0.77 ha of active uma, 1.55 ha of fallow uma, and 0.13 ha
forest for pigs to browse. Altogether then, the nawotwot family

FIGURE 4 | Circle diagrams describing the hypothetical land use of a
kadangyan family of 4 (Panel A) and a nawotwot family of 4 (Panel B). As with
Figure 3, a legend with a scale is also included (Panel C). In each panel, the
number in the upper right corner represents the population whose land
use is being modelled.
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would need 2.79 ha of actively modiﬁed land per year to subsist,
while the kadangyan family of the same size would require
1.73 ha of land.
The diagrams presented in Figure 4 help explain how land use
in the 1800 timepoint did not double from 1570, despite the
population doubling. Payo, a hallmark of the kadangyan class, use
less land than uma. In a village like OKV, which evidence suggests
was more suitable to rice agriculture than most of Ifugao (Barton,
1922), this means a high proportion of the population could have
utilized payo, and their consumption of rice would have helped
decrease land use even as the population grew. Nonetheless, it
should be noted that a kadangyan family of four could not exist in
a vacuum. While terrace construction does not require
generations of laborers as once supposed (Acabado et al.,
2019), building and maintaining them does take a village. As
Conklin (1980) observed, a hectare of highland terrace requires
630 human days of labor per year to maintain, while a swidden
ﬁeld of the same size only requires 250 days. Therefore, without a
large population, the Ifugao terraces would not be viable. The
same principal applies to hunting for both kadangyan and
nawotwot. Hunting was not undertaken by family units but
instead was a community endeavor. Again, the hypothetical
families we model here did not exist in a vacuum, but were
instead part of a community that enabled them to enact this
speciﬁc land use pattern.

techniques. Ifugao’s distinctive agroforestry system also
sustained OKV and the Tuwali-Ifugao during their prolonged
resistance to imperial subjugation by maintaining widespread
forests that provided essential resources and a habitat for wild
game. The necessity of extensive muyong and public forests
suggests population increase would not have led inexorably to
deforestation or the denuding of mountain sides. Further, unlike
lowland paddy ﬁelds, rice terraces would not have contributed to
soil degradation due to a combination of traditional “green
fertilizer” (mulch) and the rigorously maintained irrigation
system used to replenish the ponds’ water and soil (Sione
et al., 2017). Instead, the effects of increased population were
likely more subtle and could have included the deliberate or
unintended favoring of trees that grew faster at higher elevations
(e.g., pioneer forest taxa) or the increased growth of usable tree
species. Alternatively, certain utilizable species might have been
depleted faster, causing them to become rarer in the Ifugao
highlands, similar to how deforestation progressed in the
Spanish-colonized lowlands (Bankoff, 2013). Our models,
which do not model speciﬁc trees, cannot discern which
outcome was more likely.
Ultimately, then, the muyong-uma-payo complex provided the
basis for an alternative lifestyle to the colonial lowlands, which
were increasingly subject to commercialized, extractive world
systems in the 19th century (Wallerstein, 1989; Acabado et al.,
2019). Instead, labor-intensive rice production provided a
physical basis for social cohesion (Acabado, 2018; Acabado
et al., 2019) that was also integrated with Ifugao spirituality
and myth (Eliade et al., 1959; Conklin, 1980), ultimately
providing a venue for Ifugao society to produce and reproduce
itself through annual cultivation and terracing (Merchant, 1980).
Our model calculations cannot explain how the Ifugao peoples
resisted conquest for centuries, but they do elucidate the
underlying socio-ecological regime that permitted this
pericolonial society to thrive. Its apparent success, especially in
a highland environment often imagined as less productive than
lowland plains, evokes comparisons to the Indigenous Maya
milpa system (Ford and Nigh, 2015), the Inka of the Andes
(Chepstow-Lusty and Jonsson, 2000), and swidden farmers in the
highlands of mainland Southeast Asia (especially the Zomia
region denoted by Scott, 2009; see also Hamilton et al., 2020).
Like the Ifugao, Indigenous populations in these areas practiced,
and still practice, highly innovative, sustainable, and integrated
forms of agriculture and agroforestry that contrast strongly with
modern techniques that emphasize high productivity and
clearance.
The limitations in our calculations suggest ways historical land
use models might be improved in the future. First, they could
better incorporate nutritional data and thereby incorporate
research from historical ecology and associated ﬁelds (see, for
instance, Moran, 2015). Second, our models do not account for
commerce, even though it was Ifugao’s production and trade in
tobacco that ultimately precipitated Galvey’s expedition (Scott,
1974). Providing a more in-depth account of trade will be
essential, then, to improving these models and applying them
to less well-studied Philippine societies and provinces where
dietary proportions are not known. Lastly, our models may be

DISCUSSION
In this study, we modelled land use in OKV in 1570 and 1800
CE. Using data gathered from ethnography, anthropology,
archaeology, and history, our model calculations quantify
how population growth and social differentiation affected
land use in OKV circa 1800 CE, reafﬁrming that land use
modelling can be used successfully to quantify how social
status affects a society’s ecological impact (Hughes et al.,
2018). Furthermore, by applying the pericolonialism
hypothesis advanced by Acabado (2017), we were able to
estimate land use in OKV circa 1570 CE. Our calculations
show that the adoption of intensive rice agriculture and
widespread terracing, as well as the adoption of sweet potato,
could have permitted OKV’s population in 1800 to be double
what it was in 1570 without experiencing a proportional
increase in intensive land use and deforestation.
Our models conﬁrm, as several earlier studies suggested, that
the muyong-uma-payo complex was a highly efﬁcient and
sustainable land use system. It is often assumed that societies
will abandon extensive agriculture (i.e., swidden techniques) for
intensive agriculture (i.e., terracing) as their populations increase
(for examples, see Geertz, 1963; Boserup, 1965; Chrisholm, 2007)
and that this in turn, will have deleterious impacts on the
landscape in the form of forest clearance, biodiversity declines,
and soil nutrient losses. Historic Ifugao’s tandem agriculture not
only contradicts this theory but also developed in a non-state
society where status was derived from prestige crops and feasting.
Our model calculations instead conﬁrm the value of an
agricultural system reliant on both terracing and swidden
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further developed using GIS to map our diagrams onto physical
landscapes to create complete land use maps that visualize how
speciﬁc villages and towns could have developed over time.
Alternatively, an adjusted form of this model might be applied
through GIS to chart the impact of anthropogenic land use on
forest cover throughout Ifugao and the southeast Cordillera, akin
to work performed by Kay et al. (2019) and the LandCover6k
project (Morrison et al., 2021).
As these lacunae are ﬁlled, it will be possible to generate
historical land use model calculations for other Philippine
provinces, both in the pre-Spanish period and during the
colonial eras (1565–1946). This quantiﬁcation, especially once
validated by palaeoecological and archival records, will facilitate
comparisons between different ethno-linguistic groups’ land use
strategies and help illustrate historic differences between
Philippine societies, such as: customs regarding ownership of
land and animals, status differentiation, apportionment of labor,
and the penetration of regional market and commercial pressures
into Philippine villages in the 18th and 19th centuries (Larkin,
1982). Furthermore, land use models applied to speciﬁc
landscapes can inform research into historic deforestation,
especially in provinces where written records are scarce. Such
diagrams could serve as a launching point for historic and
anthropological investigations, archaeological ﬁeldwork, and
historical ecology and geography, ultimately furthering
research into regional and global estimates of past human
impacts on landscapes (Pongratz et al., 2008; Kaplan et al.,
2009; Kaplan et al. 2011; Kaplan et al. 2012; Kaplan et al.
2017; Klein Goldjewijk et al., 2011; Mahli et al., 2014; Kay
et al., 2019). Last of all, if diagrams akin to the ones presented
in this paper were expanded to cover even the remainder of the
Cordillera, they could help visualize for the ﬁrst time the diverse
socio-ecological histories of numerous peoples as well as the
spatial scales of human-environment interactions in this part of
the tropics.
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